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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to FLADE aircraft gas turbine 
engine and more particularly to construction and oper- 
ating method of such an engine to reduce inlet spillage 
drag. 

Description of Related Art 

A considerable effort has been made toward devel- 
oping high performance variable cycle gas turbine en- 
gines. These types of engines have a unique ability to 
operate efficiently at various thrust settings and flight 
speeds both subsonic and supersonic. An important 
feature of the variable cycle gas turbine engine which 
contributes to its high performance is its capability of 
maintaining a substantially constant inlet airflow as its 
thrust is varied. This feature leads to important perform- 
ance advantages under less than full power engine set- 
tings or maximum thrust conditions, such as during sub- 
sonic cruise. The effect of maintaining inlet airflow as 
thrust is reduced is to decrease such performance pen- 
alties as inlet spillage drag and afterbody closure drag, 
both of which have a considerable detrimental effect on 
the overall efficiency, size, weight, and performance of 
the aircraft and its engine. 

Certain variable cycle engines, such as those de- 
scribed in U.S. Patent Nos. 4,068,471 and 4,285,194, 
assigned to the same assignee as the present invention, 
achieve relatively constant airflow as thrust is varied by 
changing the amount of fan bypass flow with a valve sys- 
tem referred to as a variable area bypass injector (VA- 
Bl). As engine thrust is decreased, the VABI increases 
bypass flow to offset decreasing core engine flow result- 
ing in a relatively constant total engine flow, thus exhib- 
iting the performance benefits described above. How- 
ever, it uses very expensive multi-stage fan air to do so. 
Furthermore, it is somewhat limited in its ability to ingest 
the air at subsonic part power engine settings and en- 
gine operation because it has to be sized to match the 
flow conditions in the bypass duct into which is dumped 
some very highly pressurized air. This fan air is divided 
between the core flow and the bypass flow and therefore 
is controlled by the various bypass flow control mecha- 
nisms such as the VABI's. This in turn limits the degree 
to which the bypass air can be used to avoid spillage. 
Typically, conventional variable cycle engines have a 
limited range of thrust settings for a given Mach No. (par- 
ticularly subsonic levels .g. Mach No. = .8-.9) through 
which ess ntially constant airflow can b maintained 
and specific fuel consumption can be minimized. There- 
fore it is d sirabl to construct and operate an aircraft 
gas turbin engine able to maintain inlet airflow at sub- 
sonic part power thrust settings more efficiently and over 



a broader flight envelope than is available in the prior art. 

One particular type of variable cycle engine called 
a FLADE engine (FLADE being an acronym for "fan on 
blade") is characterized by an outer fan driven by a ra- 
s dially inner fan and discharging its flade air into an outer 
fan duct which is generally coannular with and circum- 
scribes an inner fan duct circumscribing the inner fan. 
One such engine, disclosed in U.S. Patent No. 
4,043,121, entitled "Two Spool Variable Cycle Engine", 
10 by Thomas et al., provides a flade fan and outer fan duct 
within which variable guide vanes control the cycle var- 
iability by controlling the amount of air passing through 
the flade outer fan duct. 

There remains an important need to provide a high 
performance aircraft gas turbine engine, particularly of 
the variable cycle type, that is capable of maintaining an 
essentially constant inlet airflow over a relatively wide 
range of thrust at a given set of subsonic flight ambient 
conditions such as altitude and flight Mach No. in order 
to avoid spillage drag and to do so over a range of flight 
condition. This capability is particularly needed for sub- 
sonic part power engine operating conditions. 

SUMMARY OF THE INVENTION 

A FLADE aircraft gas turbine engine having a 
FLADE duct circumscribing a preferably variable cycle 
inner gas turbine engine and having a FLADE fan dis- 
posed in the FLADE duct and radially outward of and 
drivenly connected to a first fan disposed in a first fan 
duct of the inner engine. The annular inlet of the first fan 
duct is sized to receive essentially the full mass airflow 
of the engine at full power conditions with the annular 
FLADE duct inlet essentially closed off. The engine is 
further designed and operable to fully open the inlet of 
the flade duct at predetermined part power flight condi- 
tions and essentially cbse it at full power conditions 
such as take off. 

One particular embodiment provides the engine 
with a FLADE duct and first fan duct flow control means 
including variable stator vanes operable to open the 
FLADE duct as the first fan duct is closed and close the 
FLADE duct as the first fan duct is opened. The total 
inlet area of the engine is the sum of the annular areas 
of FLADE duct inlet and the first fan duct inlet wherein 
in another particular embodiment the FLADE duct inlet 
area is sized in a range of between 30%-40% of the first 
fan duct inlet area. 

Another embodiment relates to the use of the 
present invention for a supersonic engine. The present 
invention operates the FLADE fan at about 5% of the 
inner engine airflow to receive essentially all of the 
boundary layer flow passing through the total FLADE 
engin inlet and pass it though th FLADE duct instead, 
of through a separate bypass wh re it would decrease 
the overall ngine efficiency. 

Anoth r feature of th present invention provides a 
means to use the airflow from th FLADE duct to do use- 
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ful work such as a FLADE duct exhaust nozzle at the 
end of the FLADE duct for additional thrust which helps 
offset the additional cost and weight penalties of the 
FLADE fan and duct. The FLADE fan airflow can also 
be used to cool parts of the engine. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing aspects and other features of the in- 
vention are explained in the following description, taken 
in connection with the accompanying drawings where: 

FIG. 1 is a schematic side view of a FLADE aircraft 
gas turbine engine with a schematic partial cutaway 
cross-sectional view of its inlet in accordance with one 
embodiment of the present invention. 

FIG. 2 is a schematic cross-sectional view of the 
FLADE aircraft gas turbine engine in FIG. 1. 

DETAILED DESCRIPTION OF THE INVENTION 

Illustrated in FIG. 1 is a FLADE aircraft gas turbine 
engine 1 having a FLADE fan 2 disposed in a FLADE 
duct 3. The FLADE fan 2 is illustrated as having a row 
of FLADE fan blades 5 disposed between a axially for- 
ward row of variable first FLADE vanes 6 and a axially 
aft row of variable second FLADE vanes 7. The FLADE 
fan 2 is disposed downstream of an annular FLADE inlet 
8 to the FLADE duct 3. The FLADE duct 3 generally cir- 
cumscribes a preferably variable cycle turbofan inner 
engine 10 having an annular inner engine inlet 11 and 
a generally axially extending axis or centerline 1 2 gen- 
erally extending forward 14 and aft 16. The FLADE inlet 
8 and the inner engine inlet 1 1 in combination generally 
form a FLADE engine inlet 13 having a FLADE engine 
inlet area Al. 

One important criterion of inlet performance dis- 
cussed is the ram recovery factor. A good inlet must 
have air-handling characteristics which are matched 
with the engine, as well as low drag and good flow sta- 
bility. The importance of the air-flow matching charac- 
teristics can be shown from the area considerations of 
FIG. 1, which for the FLADE engine inlet 13 includes a 
free stream flow area AO and the FLADE engine inlet 
area Al through which the total engine airflow passes. 
For a given set of operating flight conditions, the airflow 
requirements are fixed by the pumping characteristics 
of the FLADE engine 1. If Al is too small to handle the 
air, the engine must "suck in" the lacking amount of air 
resulting in a decreased ram recovery. If Al is too large, 
the FLADE engine inlet 13 will supply more air than the 
engine can use resulting in excess drag (spillage drag) 
because we must either by-pass the excess air around 
the engin or "spill" it back out of the inlet. Too much air 
or too little air is detrimental to inlet performance. The 
present invention provides, th FLADE fan 2 and the 
FLADE duct 3 to avoid the spillage and the variable first 
FLADE vanes 6 and optionally the variable second 
FLADEvan s7toavoidth xcess sucking and spillage 



and the resulting decreased ram recovery and spillage 
drag respectively. 

The inner engine inlet 1 1 is sized to receive essen- 
tially the full airflow 15 of the engine at full power con- 

5 ditions with the FLADE engine inlet 1 3 essentially closed 
off by closing the variable first FLADE vanes 6 and the 
variable second FLADE vanes 7. The engine is further 
designed and operable to fully open the inlet of the flade 
duct at .predetermined part power flight conditions and 

10 essentially close it at full power conditions such as take 
off. 

The exemplary embodiment of the present inven- 
tion is illustrated in FIG. 2 as having a variable cycle 
inner engine 10 in terms sufficient to understand its op- 
15 eration and that of the present invention. Note that may 
different types of variable cycle engines as well as non- 
variable cycle turbofan and turbojet inner engines may 
be used for the purpose of this invention. The bypass 
turbofan inner engine 10 further includes a core engine 
(also called a gas generator) 18 which comprises a high 
pressure compressor 20, a combustor 22, and a high 
pressure turbine having a row of turbine rotor blades 24, 
all arranged in a serial, axial flow relationship. A high 
pressure shaft 26, disposed coaxially about the center- 
line 12 of the inner engine 10, fixedly interconnects the 
high pressure compressor 20 and the high pressure tur- 
bine blades 24. The core engine 18 is effective for gen- 
erating combustion gases. Pressurized air from the high 
pressure compressor 20 is mixed with fuel in the com- 
bustor 22 and ignited, thereby generating combustion 
gases. Some work is extracted from these gases by the 
high pressure turbine blades 24 which drives the high 
pressure compressor 20. The combustion gases are 
discharged from the core engine 18 into a low pressure 
or power turbine having a row of turbine rotor blades 28. 

The low pressure turbine blades 28 are fixedly at- 
tached to a low pressure shaft 30 which is disposed co- 
axially about the centerline 12 of the inner engine 10 
within the high pressure shaft 26. The low pressure shaft 
30 rotates a more axially forward first fan illustrated as 
a more axially forward first row of generally radially out- 
wardly extending and circumferentially spaced-apart 
fan rotor blades 32. The high pressure shaft 26 also ro- 
tates a more axially aft second fan illustrated as a axially 
aft row of circumferentially spaced apart second fan ro- 
tor blades 36 having generally radially outwardly ex- 
tending blade tips 38. The more axially aft row of fan 
rotor blades 36 is disposed axially aft of the more axially 
forward row of fan rotor blades 32. A row of circumfer- 
entially spaced-apart fan stator vanes 34 (attached at 
either or both radial ends) is disposed axially between 
the more forward and more aft rows of fan rotor blades 
32 and 36 and axially adjacent th mor aft row of fan 
rotor blades 36. 

Note that the fans may be multi-staged having one 
or more additional rows of fan rotor blad s and/or fan 
stator van s disposed axially forward of th more for- 
ward row of fan rotor blades 32 and/or axially betwe n 
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the more forward row of fan rotor blades 32 and the row 
of fan stator vanes 34. The only additional row shown 
in the FIGS, is an optional preferred row of fan stator 
vanes 35 disposed axially adjacent and axially aft of the 
more forward row of fan rotor blades 32. By "axially ad- 
jacent" is meant that there are no other rotor blade rows 
and/or stator vane rows between the named axially ad- 
jacent elements (i.e., between the more forward row of 
fan rotor blades 32 and the optional additional row of fan 
stator vanes 35). 

The row of FLADE fan blades 5 is disposed radially 
outward of, operably connected to, and driven by the 
first fan illustrated by the axially forward first row of fan 
rotor blades 32. The axially forward row of variable first 
FLADE vanes 6 and the axially aft row of variable sec- 
ond FLADE vanes 7 are used to control the amount of 
FLADE airflow allowed into the FLADE inlet 8 and the 
FLADE duct 3. Whatever inlet airflow that cannot be in- 
gested through the inner engine inlet 11 and the FLADE 
inlet 8 is spilled out of the combined FLADED engine 
inlet 13 thereby causing spillage drag and forebody 
drag. The present invention avoids these two additive 
drag components by providing a FLADE inlet annular 
area 8A that is sized to allow the FLADE inlet 8 to es- 
sentially fully receive spillage air from the inner engine 
inlet 11 using a FLADE fan control system 140. The 
FLADE fan control system 1 40 provides a FLADE vane 
control means to control the opening and closing of the 
FLADE duct 3 by opening and closing the first FLADE 
vanes 6, and optionally the aft row of variable second 
FLADE vanes 7, at a predetermined part power thrust 
setting of the engine 1 . The FLADE fan control system 
140 is also used to essentially close the vanes at a pre- 
determined full power thrust setting of the engine. Fur- 
thermore the FLADE inlet annular area 8A is sized to be 
a fraction of an inner engine inlet annular area 11 A of 
the inner engine inlet 11 that is sufficient to receive the 
a predetermined maximum amount of spillage air spilled 
from inner engine inlet 11. Note that additional rows of 
FLADE fan blades and corresponding variable FLADE 
vanes are also contemplated by the present invention. 

A fan bypass duct 40 has a first inlet 42 disposed 
axially between the more forward row of fan rotor blades 
32 and the row of fan stator vanes 34. When the optional 
additional row of fan stator vanes 35 is present, the first 
inlet 42 is disposed axially between the optional addi- 
tional row of fan stator vanes 35 and the row of fan stator 
vanes 34. The first inlet 42 includes a front variable area 
bypass injector (VABI) door 44. The fan bypass duct 40 
has a second inlet 46 and an outlet 47. The second inlet 
46 includes a axially aft portion with a flow splitter lead- 
ing edge 48 disposed axially adjacent and axially aft of 
the mor aft row of fan rotor blades 36 and radially in- 
ward of their blade tips 38. Th re are no other rotor blade 
rows and/or stator vane rows between the flow splitter 
leading edge 48 and th more aft row of fan rotor blades 
36. The fan bypass duct outlet 47 is disposed axially aft 
of th second inlet 46 and includes a r ar variable area 



bypass injector (VABI) door 49. 

The full airflow 15 is split between the FLADE inlet 
8 and the inner engine inlet 1 1 . An inner engine airflow 
50 passes through the inner engine inlet 11 and then the 
5 more forward row of fan blades 32. A first bypass air 
portion 52 of the inner engine airflow 50 passes through 
the first inlet 42 of the fan bypass duct 40 (when the front 
VABI door 44 is open) and with the remaining air portion 
54 passing through the row of fan stator vanes 34 and 
10 the more aft row of fan blades 36. The remaining air por- 
tion 54 is then split into a second bypass air portion 56, 
which passes through the second inlet 46 and past a 
row of bypass stator vanes 58, and a core air portion 60 
which passes through: the stator vanes 62 and rotor 
is blades 64 of the high pressure compressor 20; the com- 
bustor 22; the row of high pressure turbine blades 24; a 
row of turbine stator vanes 66; and the row of low pres- 
sure turbine blades 28. The core air portion 60 enters 
an engine exhaust section 68 as core discharge airflow 
70 between a centerbody 72 and an engine inner casing 
74. The combined bypass air 78 (first bypass portion air 
52 plus second bypass portion air 56) enters the engine 
exhaust section 68 as bypass discharge flow 80 past 
the tow pressure turbine blades 28 between the engine 
inner casing 74 and the engine outer casing 82. Prefer- 
ably, the fan bypass duct 40 includes an intermediate 
mixer door 83 which is disposed axially between the 
second inlet 46 and the outlet 47 and which is position- 
able for proportionally varying the flow rates from the 
first and second inlets 42 and 46 downstream of the in- 
termediate mixer door 83. 

Means are provided for independently varying the 
flow area of a radially outer portion and a radially inner 
portion of the fan vanes 34. Preferably such means in- 
clude at least one of the fan stator vanes 34 having a 
variable, radially outer portion 84 and an independently 
variable, radially inner portion 86. Preferably, the radially 
outer portion 84 includes a pivotable, trailing-edge flap 
88 and the radially inner portion 86 includes an inde- 
pendently pivotable, trailing-edge flap 90. 

Other variable portion designs include: designs 
wherein the entire outer portion and the entire inner por- 
tion are independently pivotable; designs wherein inner 
and outer side flaps are independently pivotable away 
from stationary main inner and outer portions; designs 
wherein inner and outer side flaps are independently, 
generally axially slidable proximately along stationary 
main inner and outer portions; and designs wherein in- 
ner and outer plugs are generally radially extended be- 
tween circumferentially adjacent inner portions and cir- 
cumferentially adjacent outer portions, and the like. 

Means 92 are provided for independently varying 
the radially outer portion 84 and th radially inner portion 
86. Preferably, such varying means 92 includes means 
for independ ntly pivoting the flaps 88 and 90. Other 
such varying means for non-p'rvotabl , fan stator vane 
designs includ axially moving unison rings and those 
means known for mechanical cl arance control in j t en- 
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gines (i.e., mechanically moving circumferentially sur- 
rounding shroud segments radially towards and away 
from a row of rotor blad tips to maintain a constant 
clearance despite different rates of thermal expansion 
and contraction). Additional such varying means for 
non-pivotable, fan stator vane designs include those 
known for extending and retracting wing flaps on air- 
planes and the like. Preferably, such pivoting means in- 
cludes an inner shaft 94 coaxially disposed within an 
outer shaft 96, the inner shaft 94 turned by a lever arm 
98 actuated by a unison ring 100 and the outer shaft 96 
turned by a separate lever arm 102 actuated by a sep- 
arate unison ring 104, with the inner shaft 94 attached 
to the pivotable trailing edge flap 90 of the inner portion 
86 of the fan stator vane 34 and the outer shaft 96 at- 
tached to the pivotable trailing edge flap 88' of the outer 
portion 84 of the fan stator vane 34. It is noted that the 
lever arms 98 and 1 02 and the unison rings 1 00 and 1 04 
are all disposed radially outward of the fan stator vanes 
34. Other such pivoting means include those known for 
pivoting variable stator vanes of high pressure compres- 
sors in jet engines, and the like. 

In an exemplary embodiment, the fan stator vane 
34 includes a mid shroud 1 06 generally aligned with the 
flow splitter leading edge 48. Preferably, the mid shroud 
106 is a full-chordal mid shroud. Also in an exemplary 
embodiment, the fan rotor blades 36 include a mid 
shroud 108 generally aligned with the flow splitter lead- 
ing edge 48. Preferably, the mid shroud 108 is a full- 
chordal mid shroud. 

In the exemplary embodiment of FIG. 1 , the at least 
one fan stator vane 34 includes all of the fan stator vanes 
34 in its row having a variable, radially outer portion 84 
and an independently variable, radially inner portion 86. 
Here the varying means 92 preferably would vary all of 
the radially outer portions 84 as a group and independ- 
ently vary all of the radially inner portions 86 as a sep- 
arate group. 

A row of high pressure turbine (HPT) nozzle stator 
vanes 110 is disposed axially aft of the second inlet 46 
of the fan bypass duct 40. Means are provided for var- 
ying the flow area of the HPT nozzle vanes 110. Prefer- 
ably, such means include at least one (and preferably 
all) of the HPT nozzle vanes 1 1 0 being a variable vane, 
and preferably a pivotable vane with an actuation lever 
1 1 2 for pivoting the vanes 1 1 0. Other such means have 
been previously discussed with respect to varying the 
flow area of the fan stator vanes 34. 

FIG. 1 shows only one row of high pressure turbine 
rotor blades 24, only one row of low pressure turbine 
rotor blades 28, and only one row of turbine stator vanes 
24, although additional rows of turbine rotor blades and 
stator vanes may be includ d in th design of a partic- 
ular engine. In one preferr d embodiment of the present 
invention, as shown in FIG. 1 , a axially aft most row of 
high pressure turbin rotor blades 24 is dispos d axially 
aft of the row of high pressure turbine nozzle stator 
vanes 110. A axially forward most row of low pressure 



turbin rotor blades 28 is disposed axially aft of the aft 
row of high pressure turbine blades 24. A row of low 
pressure turbine nozzle stator vanes 66 is disposed ax- 
ially between the aft row of high pressure turbine blades 
s 24 and the forward row of low pressure turbine blades 
28. Means are provided for varying the flow area of the 
low pressure turbine (LPT) nozzle vanes 66. Preferably, 
such means include at least one (and preferably all) of 
the LPT nozzle vanes 66 being a variable vane, and 
10 preferably a pivotable vane with an actuation lever 114 
for pivoting the vanes 66. Other such means have been 
previously discussed with respect to varying the flow ar- 
ea of the fan stator vanes 34. The LPT nozzle vanes 66 
would be present if the HPT blades 24 and the LPT 
is blades 28 rotated in the same direction to take the swirl 
imparted by the HPT blades 24 out of the flow. Having 
the LPT nozzle vanes 66 be variable allows for more 
efficient engine operation just as for the variable HPT 
nozzle vanes 110 previously discussed. This combina- 
tion of features improves part power specific fuel con- 
sumption, as can be appreciated by those skilled in the 
art. 

Although not illustrated in the FIGS, an alternate 
embodiment provides for the HPT blades 24 and the 
LPT blades 28 to are counter-rotate relative to each oth- 
er which allows the row of LPT nozzle stator vanes 66 
to be omitted, if desired, sir\ce the swirled exit flow from 
the HPT blades 24 is correctly angled with respect to 
the counter-rotating LPT blades 28. 

The inner engine 10 can include a turbine cooling 
air modulation system utilized when the inner engine is 
operating at reduced power setting for added inner en- 
gine efficiency, such as those described in (but not lim- 
ited to) US Patent No. 4,296,599 or 4,807,433, as can 
be appreciated by those skilled in the art. The variable 
pressure ratio core fan tip coupled with cooling air mod- 
ulation results in a change in HPT exit swirl. This swirl 
change in a counter-rotating HPT and LPT design re- 
sults in an aerodynamically induced increase in LPT 
flow function that accompanies a mechanically reduced 
HPT flow function. This beneficial result eliminates the 
need for having to have a variable geometry feature in 
the LPT. Specifically, FIG. 2 discloses a turbine cooling 
air modulation system including an HPT double inducer 
116 and an LPT inducer 118 each including a valve re- 
sponsive to temperature change or to engine control 
commands which regulates the turbine cooling flow tak- 
en from compressor bleed air 120. The turbine cooling 
air modulation is provided to allow scheduled control of 
the quantity of compressor air used to cool both the HPT 
and LPT blades. High levels of flow are needed during 
maximum thrust operation while only a small fraction of 
this cycle performance penalty air is needed during part 
power operation. As mentioned, these modulators in- 
clud multiple flow cooling air inducers 116 and 118 or 
supply pipes that contain flow control valv s for modu- 
lation purposes. They may be located in the inner engine 
positions shown or elsewhere in the cooling air circuit. 
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In operation, as can be appreciated by those skilled 
in the art, the variable geometry fan features and the 
VABI and intermediate mixer doors permit bypass duct 
pressure levels to be controlled independently from core 
supercharging pressure levels. Also, the variable geom- 
etry turbine systems allow overall cycle pressure ratio 
to be controlled as turbine temperature varies to match 
the cycle balance requirements of the variable fan pres- 
sure ratio system. The variable geometryfan featurefur- 
ther allows the core fan tip pressure to be either phased 
in as thrust is increased from part to full power or phased 
out as thrust is reduced from full to part power. The abil- 
ity to control the high pressure turbine flow function by 
mechanical means coupled with a corresponding aero- 
dynamically derived change in LPT flow function are key 
elements of the invention. By adjusting the high and low 
pressure turbine flow functions, overall pressure can be 
maintained as fan pressure ratio is reduced from a very 
high level (full core fan tip pressure rise) to essentially 
front fan pressure ratio (core fan tip phased out). Avery 
large change in turbine temperature accompanies the 
phase in/ phase out of the core fan tip. Without a set of 
variable geometry turbines a large core speed change 
would occur with a corresponding reduction in cycle 
pressure ratio and loss of part power performance po- 
tentials. The potential specific fuel consumption im- 
provement for this mode of operation is dependent on 
the maximum level of overall fan pressure ratio (5-7+) 
and the front fan design pressure level (3-4). Five to ten 
percent improvement should result for engines that 
have a maximum fan pressure ratio in the 5:1 class. Ten 
to fifteen percent part power specific fuel consumption 
improvements can result for engines that have a 6-7:1 
maximum fan pressure level. 

Specifically, from ground idle to intermediate thrust 
where maximum rotor speeds, full inner engine fan flow, 
and intermediate turbine temperatures occur, the inner 
engine 10 operates essentially as a conventional mixed 
flow turbofan. The front VABI doors 44 are opened, and 
the outer portion 84 (i.e., the trailing edge flap 88 of the 
outer portion 84) of the core fan stator vanes 34 are 
closed to a 60-80 degree inlet guide vane (IGV) setting. 
The HPT nozzle stator vanes 1 1 0 are closed to optimize 
compressor performance. If there are LPT nozzle stator 
vanes 66, as in FIG. 1 , they will be set in an open setting 
to control HP-LP rotor speed relationships needed to op- 
timize engine performance. 

For counter-rotation vaneiess designs the optimal 
LPT flow function changes result aerodynamically due 
to the varying HPT exit swirl and counter-rotation flow 
fields of the two close-coupled turbine rotors. The inter- 
mediate mixer door 83 minimizes losses between the 
outer and inner bypass streams 52 and 56 while th rear 
VABI door 49 is us d to hold the required ratio of duct 
exit to core discharge pressure. The engine exhaust 
section 68 includes a variable area engine exhaust noz- 
zle 1 22 that is varied in area to obtain optimum part pow- 
er ngine performance. 



From intermediate to maximum power, the above 
settings are changed as the flow is increased to raise 
turbine temperatures. Now, the cooling air modulator 
valves are opened to increase flow to the turbine cooling 
s circuit. The HPT nozzle stator vanes 110 are opened 
increasing HPT vane flow area to maintain adequate 
core stall margin. If there is an LPT nozzle stator vane 
66, as in FIG. 1, it is closed to maintain HP speed. For 
counter-rotation vaneiess designs the increased exit 
swirl from the HP turbine rotor blades 24 aerodynami- 
cally creates a closed flow function level for the LPT. 
(This process goes in the reverse direction when reduc- 
ing thrust from a maximum level). The outer portion 84 
(i.e., the trailing edge flap 88 of the outer portion 84) of 
the core fan stator vanes 34 is opened from a 60-80 de- 
gree level to a 0 (fully open) level as power is increased 
from intermediate to maximum. This increases the core 
fan tip pressure ratio and effectively uses the increased 
core energy created by the increased fuel flow to greatly 
increase the overall pressure level of the mixed exhaust 
gasses, resulting in a 20-30 per cent increase in engine 
thrust. The front VABI doors 44 are closed at a power 
setting slightly above intermediate and are kept closed 
(defining single bypass operation). The intermediate 
mixer door 83 position is held constant. The rear VABI 
door 49 is used to control the pressure relationship be- 
tween the duct and core dispharge. The area of the var- 
iable exhaust nozzle 122 is reduced as overall nozzle 
pressure levels increase. 

At the same time when the inner engine 10 is oper- 
ated at part power the variable first FLADE vanes 6 and 
the variable second FLADE vanes 7 are opened, to 
avoid excess spillage and spillage drag, reaching their 
fully opened positions at part power subsonic cruise 
conditions. The FLADE fan control system 140 is oper- 
able to actuate, in a predetermined manner, the FLADE 
vanes in response to a set of measured and calculated 
inner engine operating conditions including throttle set- 
ting and flight operating conditions such as altitude and 
free stream Mach Number. The FLADE fan control sys- 
tem 140 can typically be the engine electronic control 
system programmed to actuate the vanes in accordance 
with the method of the present invention. 

Excess inner engine airflow that would otherwise 
result in spillage is one type of unwanted airflow that the 
present invention can accommodate and make use of 
by bypassing a portion of the subsonic cruise engine air- 
flow around the inner engine and through the FLADE 
fan duct and FLADE nozzle. Another type of excess air 
that the present invention can accommodate and make 
use of in the same manner is inlet boundary layer air 
that would otherwise negatively effect the operation of 
an engin operating at sup rsonic cruise. Essentially 
the FLADE fan is open dtoacc pt about 5% of the inner 
engine airflow by adjusting the variable first FLADE 
vanes 6 and optionally the variable second FLADE 
vanes 7 accordingly. The FLADE fan duct inlet area is 
also siz d to about 5% of the inner fan duct inlet area. 
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This is preferably carried out by the FLADE fan control 
system 140. This embodiment is particularly useful for 
engines that are mounted and concealed within the fu- 
selage of the aircraft and where relatively long ducts 
lead to the engine inlet. This causes a significant buildup 
of unwanted boundary layer air that the method of the 
present invention can substantially prevent. 

The foregoing description of a preferred embodi- 
ment of the invention has been presented for purposes 
of illustration. It is not intended to be exhaustive or to 
limit the invention to the precise form disclosed, and ob- 
viously many modifications and variations are possible 
in light of the above teachings without departing from 
the scope of the invention as defined by the appended 
claims. 



Claim 1 wherein said part power flight condition is 
a cruise condition. 

4. An aircraft FLADE gas turbine engine as claimed in 
s Claim 2 wherein said FLADE inlet airflow modula- 
tion means comprises a row of variable angle 
FLADE vanes (6) disposed forward of said FLADE 
fan. 

10 5. An aircraft FLADE gas turbine engine as claimed in 
Claim 4 wherein said inner gas turbine engine (10) 
is a variable cycle engine. 

6. A method of operating an aircraft fan on blade 
is (FLADE) gas turbine engine (1 ), said method com- 
prising the following steps: 



a) providing an aircraft FLADE gas turbine en- 
gine having an inner gas turbine engine (10) 
20 having at least one inner fan section with at 

least one row of inner fan blades (32) disposed 
in an inner fan duct, 

a FLADE fan duct (3) circumferentially dis- 
posed around said inner engine, 

25 a FLADE fan (2) disposed in said FLADE duct, 

said FLADE fan having at least one row of 
FLADE fan blades radially outward of and 
drivenly connected to said inner fan section, 
said inner fan duct having an inner fan duct inlet 

30 (11), and said FLADE fan duct having a FLADE 

fan duct inlet (8), 

a FLADE inlet airflow modulation means (6, 7) 
disposed in said FLADE fan duct to control air- 
flow through said FLADE fan duct, character- 

3$ jsed in that 

said inner fan duct inlet is sized to receive es- 
sentially the full mass airflow of the engine at a 
full power condition with said FLADE fan duct 
inlet closed off, and 

40 operating said FLADE engine at takeoff with 

said FLADE inlet airflow modulation means ful- 
ly closed. 



Claims 

1 . An aircraft fan on blade (FLADE) gas turbine engine 
(1) comprising: 

an inner gas turbine engine (10) having at least 
one inner fan section with at least one row of 
inner fan blades (32) disposed in an inner fan 
duct, 

a FLADE fan duct (3) circumferentially dis- 
posed around said inner engine, 
a FLADE fan (2) disposed in said FLADE duct, 
said FLADE fan having at least one row of 
FLADE fan blades (5) radially outward of and 
drivenly connected to said inner fan section, 
said inner fan duct having an inner fan duct inlet 
(1 1 ) and said FLADE fan duct having a FLADE 
fan duct inlet (8), 

a FLADE inlet airflow modulation means (6, 7) 
disposed in said FLADE fan duct to control air- 
flow through said FLADE fan duct, character- 
ised in that 

said inner fan duct inlet is sized to receive es- 
sentially the full mass airflow of the engine at a 
full power condition with said FLADE fan duct 
inlet closed off, and 

an engine inlet airflow control means (140) op- 
erable to control said FLADE inlet airflow mod- 
ulation means to fully open said FLADE fan 
duct inlet (8) at a part power flight condition of 
the engine and close said FLADE fan duct inlet 
at a full power flight condition of the engine. 

2. An aircraft FLADE gas turbine engine as claimed in 
Claim 1 wherein said inner fan duct inlet (11) has 
an inner fan duct inlet area and said FLADE fan duct 
inlet (8) has a FLADE fan duct inlet area that is in a 
range of about betw en 30%-40% of said inner fan 
duct inl t area. 

3. An aircraft FLADE gas turbine ngine as claim din 



7. A method as claimed in Claim 6 further comprising 
*s step: 

c) operating said FLADE engine at a part power 
flight condition with said FLADE inlet airflow 
modulation means fully open. 

so 

8. A supersonic aircraft fan on blade (FLADE) gas tur- 
bine engine (1) comprising: 



an inner gas turbine engine (10) having at least 
55 one inner fan section with at least one row of 

inner fan blad s (32) disposed in an inner fan 
duct, 

a FLADE fan duct (3) circumferentially dis- 
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posed around said inner engine, 
a FLADE fan (2) disposed in said FLADE duct, 
said FLADE fan having at least one row of 
FLADE fan blades (5) radially outward of and 
drivenly connected to said inner fan section, 
said inner fan duct having an inner fan duct inlet 
(11 ) and said FLADE fan duct having a FLADE 
fan duct inlet (8), 

a FLADE inlet airflow modulation means (6, 7) 
disposed in said FLADE fan duct (3) to control 
airflow through said FLADE fan duct, 
a FLADE gas turbine engine inlet (1 3) compris- 
ing said inner fan duct jnlet (11) and said 
FLADE fan duct inlet (8) characterised in that 
said FLADE fan duct inlet is large enough to 
receive only boundary layer air of said FLADE 
gas turbine engine inlet during supersonic flight 
conditions, and 

an engine inlet airflow control means (140) op- 
erable to control said FLADE inlet airflow mod- 
ulation means to fully open said FLADE fan 
duct inlet at a supersonic cruise flight condition 
of the engine. 

9. An aircraft FLADE gas turbine engine as claimed in 
Claim 8 wherein said inner fan duct inlet (11) has 
an inner fan duct inlet area and said FLADE fan duct 
inlet (8) has a FLADE fan duct inlet area that is 
about 5% of said inner fan duct inlet area. 

Patentanspruche 

1. Flugzeug-FLADE (Akronym fOr Fan auf Schaufel) . 
Gasturbinentriebwerk (1) enthaltend: 

ein inneres Gasturbinentriebwerk (10) mit we- 
nigstens einem inneren Fanabschnitt, wobei 
wenigstens eine Reihe der inneren Fanschau- 
feln (32) in einem inneren Fankanal angeordnet 
sind, 

einen FLADE-Fankanal (3), der auf dem Urn- 
fang urn das innere Triebwerk herum angeord- 
net ist, 

einen FLADE-Fan (2), der in dem FLADE-Ka- 
nal angeordnet ist, 

wobei der FLADE-Fan wenigstens eine Reihe 
von FLADE-Fanschaufeln (5) aufweist, die ra- 
dial auBen von und angetrieben mit dem inne- 
ren Fanabschitt verbunden sind, 
wobei der innere Fankanal einen inneren Fan- 
kanaleinlaB (11) und der FLADE-Fankanal ei- 
nen FLADE-FankanaleinlaB (8) aufweist, 
eine FLADE-EinlaBluftstromungs-Steuerein- 
richtung (6, 7), die in dem FLADE-Fankanal an- 
geordn t ist, urn die Luftstromung durch d n 
FLADE-Fankanal zu st u m, 



dadurch gekennzeichnet, daB 

der innere FankanaleinlaB so bemessen ist, 
daB er im wesentlichen die voile Luftstro- 
s mungsmasse des Triebwerks bei einem Zu- 

stand voller Leistung aufnimmt, wobei der FLA- 
DE-FankanaleinlaB im wesentlichen geschlos- 
sen ist, 

. eine EinlaBluftstromungs-Steuereinrichtung 
10 (140) des Triebwerks gesteuert werden kann, 

damit die FLADE-EinlaBluftstromungs-Steuer- 
einrichtung den FLADE -FankanaleinlaB (8) bei 
einem Teilleistungs-Flugzustand des Trieb- 
werks vollstandig offnet und den FLADE-Fan- 
15 kanaleinlaB bei einem Vollleistungs-Flugzu- 

stand des Triebwerks im wesentlichen schlieBt. 

2. Flugzeug-FLADE-Gasturbinentriebwerk nach An- 
spruch 1 , wobei der innere FankanaleinlaB (11) eine 

20 innere Fankanal-EinlaBflache hat und der FLADE- 
FankanaleinlaB (8) eine FLADE-Fankanal- 
EinlaBflache hat, die in einem Bereich von etwa zwi- 
schen 30% - 40% der EinlaBflache des inneren Fan- 
kanals betragt. 

25 

3. Flugzeug-FLADE-Gasturbinentriebwerk nach An- 
spruch 1, wobei der Teilleitungs-Flugzustand ein 
Reiseflugzustand ist. 

30 4. Flugzeug-FLADE-Gasturbinentriebwerk nach An- 
spruch 2, wobei die FLADE-EinlaBluftstromungs- 
Steuereinrichtung eine Reihe von FLADE-Schau- 
feln (6) mit veranderbarem Winkel aufweist, die 
stromaufwarts von dem FLADE-Fan angeordnet 

35 sind. 

5. Flugzeug-FLADE-Gasturbinentriebwerk nach An- 
spruch 4, wobei das innere Gasturbinentriebwerk 
ein Triebwerk mit variablem Zyklus ist. 

40 

6. Verfahren zum Betreiben eines Flugzeug-FLADE 
(Akronym fur Fan auf Schaufel)-Gasturbinentrieb- 
werk (1 ), wobei das Verfahren die folgenden Schrit- 
te enthalt: 

45 

Bereitstellen eines Flugzeug-FLADE-Gasturbi- 
nentriebwerks mit einem inneren Gasturbinen- 
triebwerk (10), das wenigstens einen inneren 
Fanabschnitt aufweist, wobei wenigstens eine 
so Reihe von inneren Fanschaufeln (32) in einem 

inneren Fankanal angeordnet ist, 
einen FLADE-Fankanal (3), der auf dem Urn- 
fang urn das inner Triebwerk herum angeord- 
net ist, 

55 einen FLADE-Fan (2), der in dem FLADE-Ka- 

nal angeordn t ist, 

wobei der FLADE-Fan w nigstens eine R ihe 
von FLADE-Fanschaufeln aufweist, di radial 
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auBen von und angetrieben mit dem inneren 
Fanabschnitt verbunden sind, 
wobei der innere Fankanal wenigstens einen 
inneren FankanaleinlaB (11) aufweist und der 
FLADE-Fankanal einen FLADE-Fankanalein- s 
iaB (8) aufweist, 

eine FLADE-EinlaBluftstromungs-Steuerein- 
richtung (6, 7), die in dem FLADE-Fankanal an- 
geordnet ist, urn die Luftstromung durch den 
FLADE-Fankanal zu steuern, 10 

dadurch gekennzeichnet, daB 



dadurch gekennzeichnet, daB 

der FLADE-FankanaleinlaB groB genug ist, um 
nur die Grenzschichtluft von dem FLADE-Gas- 
turbinentriebwerkseinlaB wahrend Uberschall- 
Flugbedingungen aufzunehmen, und 
eine EinlaBluftstromungs-Steuereinrichtung 
(140) des Triebwerks gesteuert werden kann, 
. damit die FLADE-EinlaBluftstromungs-Steuer- 
einrichtung den FLADE-FankanaleinlaB bei ei- 
nem Uberschall-Reiseflugzustand des Trieb- 
werks vollstandig offnet. 



der innere FankanaleinlaB so bemessen wird, 
daB er im wesentlichen die voile Luftstro- is 
mungsmasse des Triebwerks bei einem Volllei- 
stungszustand aufnimmt, wobei der FLADE- 
FankanaleinlaB geschlossen ist, indem 
das FLADE-Triebwerk beim Abheben so betrie- 
ben wird, daB die FLADE-EinlaBluftstromungs- 20 
Steuereinrichtung im wesentlichen vollstandig 
geschlossen ist. 

7. Verfahren nach Anspruch 6, ferner den Schritt ent- 
haltend: 25 

c) das FLADE-Triebwerk bei einem Teillei- 
stungs-Flugzustand so betrieben wird, daB die 
FLADE-EinlaBluftstromungs-Steuereinrich- 
tung vollstandig geoffnet ist. 30 

8. Uberschallflugzeug-FLADE (Akronym fur Fan auf 
Schaufel)-Gasturbinentriebwerk (1) enthaltend: 

ein inneres Gasturbinentriebwerk (10) mit we- 35 
nigstens einem inneren Fanabschnitt, wobei 
wenigstens eine Reihe der Inneren Fanschau- 
feln (32) in einem inneren Fankanal angeordnet 
sind, 

einen FLADE-Fankanal (3), der auf dem Um- *o 
fang um das innere Triebwerk herum angeord- 
net ist, 

einen FLADE-Fan (2), der in dem FLADE-Ka- 
nal angeordnet ist, 

wobei der FLADE-Fan wenigstens eine Reihe 45 
von FLADE-Fanschaufeln (5) aufweist, die ra- 
dial auBen von und angetrieben mit dem inne- 
ren Fanabschitt verbunden sind, 
wobei der innere Fankanal einen inneren Fan- 
kanaleinlaB (11) und der FLADE-Fankanal ei- so 
nen FLADE-FankanaleinlaB (8) aufweist, 
eine FLADE-EinlaBluftstromungs-Steuerein- 
richtung (6, 7), die in dem FLADE-Fankanal an- 
geordn t ist, um die Luftstromung durch den 
FLADE-Fankanal zu steuern, ss 
einen FLADE-Gasturbin ntriebwerkseinlaB 
(13), der den inneren FankanaleinlaB (11) und 
den FLADE-FankanaleinlaB (8) aufweist, 



9. Flugzeug-FLADE-Gasturbinentriebwerk nach An- 
spruch 8, wobei der innere FankanaleinlaB (11) eine 
innere Fankanal-EinlaBflache hat und der FLADE- 
FankanaleinlaB (8) eine FLADE-Fankanal- 
EinlaBflache hat, die etwa 6% der EinlaBflache des 
inneren Fankanals betragt. 



Revendications 

1 . Turbomoteur d'avion (1 ) k soufflantes superposSes 
(du type Ian on blade" ou "FLADE"), qui 
comprend : 

un moteur int6rieur k turbine k gaz (10) com- 
portant au moins un Stage de soufflante int§- 
rieure avec au moins une ranged de pales (32) 
de soufflante interieure disposers dans un con- 
duit de soufflante int6rieure, 
un conduit de soufflante FLADE (3) dispose cir- 
conf6rentiellement autour dudit moteur inte- 
rieur, 

une soufflante FLADE (2) plac6e dans ledit 
conduit de soufflante FLADE, 

ladite soufflante FLADE comportant au moins une 
ranged de pales (5) de soufflante FLADE situees 
radialement k I'ext6rteur de Petage de soufflante in- 
terieure et couplees k celui-ci en vue d'un 
entratnement , ledit conduit de soufflante interieure 
comprenant une entr6e (1 1 ) de conduit de soufflan- 
te int6rieure et ledit conduit de soufflante FLADE 
comprenant une entr6e (8) de conduit de soufflante 
FLADE, 

des moyens (6, 7) de modulation de d§bit d'en- 
tree FLADE disposes dans ledit conduit de 
soufflante FLADE pour commander le debit 
dans ledit conduit de soufflante FLADE, 

caracterisS en ce que: 

ladite entree de conduit de soufflante interieu re 
st dimensionnSe pour recevoir sensibl m nt 
tout le d6bit massiqu du moteur n r6gim d 
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pleine puissance ou ladite entr6e de conduit de 
soufflante FLADE est ferm^e, et 
un moyen (140) de commande de debit d'en- 
tree du moteur peut etre actionne pour com- 
mander (edit moyen de modulation de debit s 
d'entree FLADE afin d'ouvrir totalement ladite 
entr6e (8) de conduit de soufflante FLADE en 
regime de vol a puissance partielle du moteur 
et afin de fermer ladite entree de conduit de 
soufflante FLADE en regime de vol a pleine 10 
puissance du moteur. 

Turbomoteur d'avion de type FLADE selon la reven- 
dication 1 , dans lequel ladite entree (1 1 ) du conduit 
de soufflante interieure a une certaine superficie is 
d'entr6e de conduit de soufflante interieure et ladite 
entr6e (8) du conduit de soufflante FLADE a une 
superficie d'entree de conduit de soufflante FLADE 
qui vaut entre entre 30 et 40% environ de ladite su- 
perficie d'entree de conduit de soufflante interieure. 20 

Turbomoteur d'avion de type FLADE selon la reven- 
dication 1 , dans lequel ledit regime de vol a puis- 
sance partielle est un regime de croisiere. 

25 

Turbomoteur d'avion de type FLADE selon la reven- 
dication 2, dans lequel ledit moyen de modulation 
du d6bit d'entree FLADE comprend une ranged 
d'aubes FLADE (6) a angle variable, placets en 
avant de ladite soufflante FLADE. 30 

Turbomoteur d'avion de type FLADE selon la reven- 
dication 4, dans lequel ledit moteur a turbine a gaz 
interieur (10) est un moteur a cycle variable. 

35 

Precede d'utilisation d'un turbomoteur d'avion (1 ) a 
soufflantes superposees (du type "fan on blade" ou 
"FLADE"), ledit precede comprenant les etapes 
consistant a : 

40 

a) utiliser un turbomoteur d'avion de type FLA- 
DE comprenant un moteur interieur a turbine a 
gaz (10) qui comporte au moins un etage de 
soufflante interieure avec au moins une rangee 
de pales (32) de soufflante interieure disposers *s 
dans un conduit de soufflante interieure, 

- un conduit de soufflante FLADE (3) dispo- 
se" circonferentiellement autour dudit mo- 
teur interieur, so 

- une soufflante FLADE (2) placee dans ledit 
conduit de soufflante FLADE, 

ladite soufflante FLADE comportant au moins 
une range de pales de soufflante FLADE si- ss 
tu6es radialement a I'exterieur d I'etage de 
soufflante interi ure et couplees a celui-ci n 
vue d'un entratnement, I dit conduit de souf- 



flante interieure comprenant une entr6e (1 1 ) de 
conduit de soufflante interieure et ledit conduit 
de soufflante FLADE comprenant une entree 
(8) de conduit de soufflante FLADE, 

des moyens (6, 7) de modulation de debit 
d'entree FLADE disposes dans ledit con- 
duit de soufflante FLADE pour commander 
le debit dans ledit conduit de soufflante 
FLADE, 

caracterisS en ce que : 

ladite entree de conduit de soufflante inte- 
rieure est dimensionnee pour recevoir sen- 
siblement tout le debit massique du moteur 
en regime de pleine puissance ou ladite 
entree de conduit de soufflante FLADE est 
fermee, et 

b) faire fonctionner ledit moteur FLADE au d6- 
collage avec ledit moyen de modulation du de- 
bit d'entree FLADE totalement ferme. 

7. Procede selon le revendication 6, comprenant en 
outre l'6tape consistant a : 

c) faire fonctionner ledit moteur FLADE en re- 
gime de vol a puissance partielle avec ledit 
moyen de modulation du d6bit d'entree FLADE 
totalement ouvert. 

8. Turbomoteur d'avion supersonique (1 ) a soufflantes 
superposees (du type "fan on blade" ou "FLADE"), 
qui comprend : 

un moteur interieur a turbine a gaz (10) com- 
portant au moins un etage de soufflante inte- 
rieure avec au moins une rangee de pales (32) 
de soufflante interieure disposees dans un con- 
duit de soufflante interieure, 
un conduit de soufflante FLADE (3) dispose cir- 
conferentiellement autour dudit moteur inte- 
rieur, 

une soufflante FLADE (2) placee dans ledit 
conduit de soufflante FLADE, 

ladite soufflante FLADE comportant au moins une 
rangee de pales (5) de soufflante FLADE situees 
radialement a Pexterieur de l'6tage de soufflante in- 
terieure et couplers a celui-ci en vue d'un entraTne- 
ment, ledit conduit de soufflante interieure compre- 
nant une entr6e (11) de conduit de soufflante inte- 
rieure et ledit conduit d soufflant FLADE compre- 
nant une entr6e (8) de conduit de soufflante FLADE, 

des moyens (6, 7) de modulation de d§bit d'en- 
tree FLADE disposed dans ledit conduit de 
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soufflante FLADE (3) pour commander le debit 
dans ledit conduit de soufflante FLADE, 
une entree (13) de turbomoteur de type FLA- 
DE, comprenant ladite entree (11) de conduit 
de soufflante interieure et ladite entree (8) de 5 
conduit de soufflante FLADE, 

caracterise en ce que : 

ladite entree de conduit de soufflante FLADE 10 
est suffisamment grande pour recevoir unique- 
ment I'air d'une couche limite de ladite entree 
de turbomoteur de type FLADE dans une situa- 
tion de vol supersonique , et 
un moyen (140) de commande de 66b\X d'en- 15 
tr6e du moteur peut §tre actionne pour com- 
mander ledit moyen de modulation du d6bit 
d'entr6e FLADE afin d'ouvrir totalement ladite 
entr6e de conduit de soufflante FLADE en re- 
gime de vol de croisiere a Vitesse supersonique 20 
du moteur 

Turbomoteur d'avion de type FLADE selon la reven- 
dication 8, dans lequel ladite entree (1 1 ) du conduit 
de soufflante interieure a une certaine superficie 25 
d'entr6e de conduit de soufflante inteneure et ladite 
entr6e (8) du conduit de soufflante FLADE a une 
superficie d'entree de conduit de soufflante FLADE 
qui vaut environ 5% de ladite superficie d'entree de 
conduit de soufflante int6rieure. 30 
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